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PREFACE
Arkansas is fortunate to have outstanding water resources, especially in terms of
water quality. However, this is not to say that there are no problems. The
Arkansas Water Resources Center (AWRC) in cooperation with other state and
federal agencies is characterizing our water resources and providing data impor
tant to the wise use of these resources. One wise use of our water resources is to
mitigate the impact of non-point sources of pollution on water quality through
the use of best management practices.
These proceedings address not only the characterization of the quality of ground
and surface water but also address best management practices that will protect
the quality of these waters. These are the types of information that agencies and
citizens need to best manage and protect our water resources.
AWRC is grateful for the participation of over 120 people including speakers,
poster presenters, session moderators, and attendees who made the "Quality of
Surface and Ground Water and Best Management Practices” conference and the
associated short course on “Stream Water Quality Modeling and GIS,” taught by
Drs. Kent Thornton and Fred Limp, a great success. The assistance of the fol
lowing reviewers whose comments were valuable to authors is gratefully
acknowledged.

B.L. Allen
Danny Goodwin
Philip Hays
Bruce Kirkpatrick
Tim Kresse
Jim Peterson
E. Moye Rutledge
H. Don Scott
Kenneth F. Steele, Director
Arkansas Water Resources Center
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CHARACTERIZATION AND USE OF WATER TREATMENT
RESIDUALS TO REDUCE BIOAVAILABLE PHOSPHORUS
ON EXCESSIVELY MANURED SOILS
T. Alvisyahrin, D.M. Miller, and T.C. Daniel
Department of Agronomy
P.A. Moore, Jr.
Department of Agronomy and
U.S. Department of Agriculture-Agricultural Research Service
University of Arkansas
Fayetteville, Arkansas

INTRODUCTION
Although no regulations currently exist for water treatment residuals (WTR) dispos
al, landfilling and direct discharge of the materials to surface waters have been discour
aged due to increasing environmental concerns. Land application may be a low-cost,
environmentally benign disposal alternative for these materials (Geertsema et al., 1994).
High land application rates of iron- and / or aluminum (alum)-based WTR have been
shown to decrease availability of soil phosphorus (P) to plants (Bugbee and Frink, 1985;
Cox et al., 1997). Alum WTR have been shown to be effective in reducing the soluble
reactive P levels in high soil-test P (STP) soils, without affecting the tissue P content and
growth of bermudagrass grown on these soils in the greenhouse (Miller et al., 1997). The
ability of WTR to fix soil P is a particularly important consideration in applying these
materials to soils with elevated P levels due to excessive fertilizer and/or manure appli
cation, thereby reducing P pollution potential of surface waters.
The objectives of this study were to: 1) characterize the physico-chemical and min
eralogical properties of alum- , iron (ferrous sulfate)-, and Al polymer-based WTR, and
2 ) evaluate the ability of the alum WTR to reduce the content of bioavailable P in high
STP soils grown to bermudagrass.

MATERIALS AND METHODS
Samples of the Linker soil (fine-loamy, siliceous, thermic Typic Hapludults) were
obtained in Washington Co., AR. Whereas, the Nella (fine-loamy, siliceous, thermic Typic
Paleudults) and Leesburg soils (fine-loamy, siliceous, thermic Typic Paleudults) were
obtained in Newton Co., AR. These soils were sampled at the 0-4 cm depth and passed
through a 2 mm sieve while still in a field-moist condition.
The Linker, Nella and
Leesburg soils had water pH values of 6.9, 6.1, and 6.2, soil test P (Mehlich 3) values of
198. 278. and 394 mg kg-1, and total P contents of 859. 1495, and 1718 mg kg-1, respec
tively. Both slurry (undried) and dewatered (dried) alum WTR were obtained from the
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Beaver Water District in Lowell, AR. The dried material was subsequently divided into
2 to 4, 0.5 to 2, and < 0.25 mm particle size fractions. Iron and Al polymer slurry WTR
were each sampled from water treatment facilities of the Fort Smith Water District locat
ed at Mountainburg and Lee Creek Water Project. AR. respectively.

WTR Characterization
The particle size distribution of the WTR was determined using a micro-pipette
method (Miller and Miller, 1987). Total elemental analysis of the WTR was performed
using inductively coupled argon plasma (ICAP) spectrophotometry following HNO3
digestion (USEPA. 1994). The mineralogical composition of the WTR was determined
by X-ray diffraction analysis as described by Whittig ( 1965).
Phosphorus adsorption isotherms of WTR were obtained by equilibrating a series of
P solutions (initial P concentrations ranging from 0 to 1000mg L-* ) in 0.03 M NaCl with
0.1 g oven-dry equivalent (ODE) WTR. The WTR / P solution mixtures, prepared in trip
licate, were equilibrated for 24 h on an end-over-end shaker at 298°K. Following cen
trifugation and filtration (0.45 pm membrane), soluble reactive P (SRP) in the supernatant
was determined by the colorimetric molybdate method (Murphy and Riley, 1962). and the
amount of P sorbed was calculated by difference. P sorption maxima were calculated by
plotting the data according to the linear form of the Langmuir equation and noting the xintercept (Sposito, 1984).

Bioavailable P Analysis
Subsamples of soils were taken from pots at the end of a 14-week greenhouse
study conducted in 1996 (Miller et al.. 1997). In this study, bermudagrass was grown
in soils to which alum WTR had been added at rates of 0 (control). 30, 60. 90. and
120 Mg ha-1 at two particle sizes. 2-4 or <0.25 mm. The soils were separated from
bermudagrass roots, sieved to 2 mm in moist condition and stored at 4°C for analy
sis. Bioavailable P contents of soils were evaluated using iron-oxide strip P (FeOP) (Sharpley. 1993), SRP (Murphy and Riley, 1962) and soil-test P (STP) (M3-P)
(Mehlich, 1984) parameters. The General Linear Models Procedure (SAS Institute
Inc.. 1989) was used to determine the effect of undried. Al-based WTR treatments
on all parameters examined for each soil.

RESULTS AND DISCUSSION
Physicochemical and Mineralogical Properties of WTR
The physicochemical properties of the dried alum WTR were previously reported by
Miller et al. (1997). Selected physicochemical properties of slurry WTR are given in
Table 1. The WTR contained high levels of Al, Fe, Mn. Ca, and S. The heavy metals con
tent of all three types of WTR appeared to be either within or well below the average con
tent in the soil. The total content of Cd. Cr. Pb. Ni. As, and Se in the WTR are generally
10 to 60% of the corresponding values for an average soil. It is estimated that 76 to 87%
of Cr. Pb. Cu. Zn. and Ni in WTR are associated with the oxide or silicate matrix of alum
and iron sludges, thus their content is not anticipated to be problematic under the criteria
for the Toxicity Characteristic Leaching Procedure (ASCE. 1996). X-ray diffraction
analysis (Mg2+-saturated. Mg2+-saturated and glycerol- solvated, and K+-saturated
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(25°C, 33O°C, and 550°C)) of oriented mounts of alum, iron, and Al polymer slurries indi
cated that the predominant phyllosilicate clays were hydroxy-interlayered vermiculite,
mica/illite. and kaolinite.
The measured P sorption capacity of the dried alum WTR varied with particle size,
i.e., the coarsest fraction (2-4 mm) had the lowest P sorption capacity, 114 mmol P kg~l.
Whereas, the 0.5-2 mm and <0.25 mm fractions had P sorption capacities of 517 and
1 175 mmol P kg-1 respectively. The alum slurry appeared to have a far greater P sorp
tion capacity (1743 mmol P kg-1) than those of the iron and Al polymer residuals, i.e.,
498 and 613 mmol P kg-1. respectively (Figure 1).

Bioavailable P
Significant reductions of bioavailable P in the soils due to alum WTR applica
tion were consistently demonstrated by all three availability parameters, i.e., SRP,
M3-P, and FeO-P (Table 2). The smaller particle size of WTR applied to the soil
yielded significantly lower SRP values relative to both the control and coarser (2-4
mm) WTR fractions. When the < 0.25 mm WTR fraction was applied at a rate of 120
Mg ha-1, the SRP for Linker. Nella, and Leesburg soils was reduced by 84, 93, and
94%, respectively, relative to the control. A very similar pattern in available P
reduction was observed in M3-P and FeO-P parameters for all three soils, but the
magnitude of the reduction was less (Table 2). Addition of WTR at the highest rate
produced 51, 58, and 54% reductions in M3-P and 57, 74, and 72% reductions in
FeO-P levels in the Linker. Nella, and Leesburg soils, respectively. Although incre
mental increases in rate for each WTR fraction resulted in further reductions of bioavailable
P in the soil, generally, only rates of up to 60 Mg WTR ha-1 appeared to be effective in
reducing SRP and FeO-P levels. Rates of 90 to 120 Mg WTR ha-1 were still effective in
decreasing M3-P levels in the soil.
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Table 1. Selected Physicochemical Properties of Slurry Water Treatment Residuals

WTR

P

K

Ca

Mg

S

Alum Slurry

1270

1251

7740

1353

3178

Iron Slurry

934

411

8203

1146

964

235498

9180

Polymer Slurry

1160

415

31289

3375

1116

57290

WTR

Ni

Se

Ba

Mo

Al”1

Fe

Al

Zn

Cu

As

Cd

98

33

1.54

9.12

11

11

13516

86

dl

34

32

98

25

24755

64497

120

12

41

7.07

58

44

pH5

EC

Sand

Sill

Clay

Mn

— Total* mg kg-1 32025
2581
96800

4

-------- Total* mg kg

Alum Slurry

48

21

13

Iron Slurry

14

37

86

Polymer Slurry

43

27

417

- %

dS m-1

cmol(+) kg-1

0.39

6.2

0.31

1.4

0.1

98.5

dl

0.43

7.0

0.41

0.4

9.1

90.5

dl

0.30

7.4

0.30

0.6

2.7

96.7

* EPA Method 200.2, HNO3 /HC1 Wet Digest and analysis by ICP
s, + slurry measurement with electrode, 1 Colorimetric (aluminon) method
dl : below detection limit

Cr

Pb
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Fig 1. P sorption Capacities of Slurry WTR

Table 2. Bioavailable Phosphorus Pools as Affected by WTR Application to Linker, Nella, and Leesburg Soils.

Rate
Mg ha-1

Sieve
mm

Control

------ Soluble Reactive Phosphorus - ------

------- FeO Strip Phosphorus-------

------------- Mehlich III Phosphorus

Linker

Nella
mgkg-1

Leesburg

Linker

Nella

Leesburg

21.913 a 34.880 a

498.233 a

292.067 a

302.067 a

101.080 a

85.187 a

81.147a

437.833
416.867
385.767
368.967

b
c
d
e

274.500 b
250.100 c
239.000 cd
230.933 d

271.033 b
248.600 c
242.300 c
227.133 d

84.000 b
77.800 bc
74.653 cd
70.413 d

74.400 b
65.867 c
59.707 cd
55.960 d

66.827
57.533
50.027
45.707

b
c
cd
d

423.367
341.600
278.900
242.600

bc
f
g
h

233.267
194.033
159.333
122.767

271.100b
197.400 e
149.867 f
140.100 f

68.827 d
52.600 e
44.667 f
43.060 f

45.133 e
32.973 f
25.933 fg
21.760 g

47.427
30.227
24.853
22.960

d
e
e
e

7.545

7.800

Linker

Nella

29.030 a

Leesburg

2-4
2-4
2-4
2-4

20.270 b
16.187 c
16.033 cd
13.813 de

16.667 25.203
12.940 c 19.173 c
10.640 d 16.220 cd
9.520 d 13.420 d

30
60
90
120

<0.25
<0.25
<0.25
<0.25

13.283 e
7.880 f
5.383 g
4.557 g

4.570
2.657
1.943
1.540

2.307

1.912
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30
60
90
120

lsd0.05

e
f
f
f

8.680
3.717
2.447
2.077

3.297

e
f
f
f

16.236

17.358

cd
e
f
g

12.689

6.533

Values followed by the same letter within each column are not significantly different at the 0.05 level of probability.

CONCLUSIONS
Although the WTR contained appreciable levels of Al. Fe. Mn. Ca. and S, heavy met
als contents were similar to or well below those of an average soil. On a weight basis, the
WTR were composed of greater than 90% clay-sized (< 2 pm) material. Alum-based
WTR application to the excessively manured Linker, Nella, and Leesburg soils resulted in
significant reductions in soil bioavailable P concentrations. Finer particle size fractions
of WTR had a greater P sorption capacity and were more effective in reducing soil SRP.
M3-P. and FeO-P concentrations than coarser WTR. Application of WTR to high STP
soils may be an environmentally sound disposal alternative that could also substantially
reduce P pollution of surface waters.
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Thomas J. Sauer
U.S. Department of Agriculture
Agricultural Research Service
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Said Al-Rashidv
Department of Geology
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Tracy Shirley
Department of Geology
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Fayetteville, Arkansas
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INTRODUCTION
Karst aquifers, by their very method of formation, are highly nonhomogeneous and anisotropic. Ground-water flow is concentrated along unpre
dictable, preferred flowpaths that are typically open and much more perme
able than the surrounding rock matrix. Hydrologic studies in areas underlain
by limestone and other easily dissolvable karst rocks generally take a more
regional approach (Imes and Emmett, 1994), because at a larger scale, 1)
unknown and unpredictable flowpaths become more integrated, 2) discrete conduits
become less influential for specific hydrologic-budget components, 3) flow more closely
obeys Darcy's Law, and 4) prediction thus becomes more tractable from an empirical and
theoretical point of view. Environmental questions in karst, on the other hand, typically
require site-specific, watershed-scale answers that are commonly 3 to 5 orders of magni
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tude more refined than the 10 kilometer (km) scale typical of regional studies. The fol
lowing research effort is the first step in bridging the gap between regional reality and site
specific need, in tipping the scale in karst research toward watershed-scale problem solv
ing.
The Savoy Experimental Watershed (SEW) is a University of Arkansas (UofA) prop
erty of approximately 1250 hectares (ha) that lies approximately 24 km west of the UofA
campus at Fayetteville, on the Springfield Plateau. The site is in western Washington and
southern Benton Counties, about 26 km east of the Arkansas-Oklahoma border. It is
bound on the north and west by the Ozark National Forest, and on the south and east by
small private farms involved in cattle and poultry operations. The SEW is contiguous to
and discharges directly into the Illinois River, encompassing parts of six watersheds
(Figure 1 ). These basins cover a range of settings from riparian, pasture, forest, and dis
sected upland; only one of the watersheds within the SEW (basin 6. in the northeast cor
ner) has been exposed to extensive human activities or development, and at this point in
time, all except this one represent relatively unstressed hydrologic environments.
The SEW is the site of an integrated research effort at watershed scales among the
Animal Science Department, the Agronomy Department, the Geology Department, and
the Geography Department of the U of A. the Arkansas Department of Pollution Control
and Ecology (ADPCE), the Agricultural Research Service (ARS) of the U.S. Department
of Agriculture (USDA), and the U.S. Geological Survey (USGS) to develop a long-term,
interdisciplinary field laboratory to evaluate processes, controls, and hydrologic and nutri
ent-flux budgets quantitatively in surface-water, soil, and shallow ground-water environ
ments. The importance, need, and practical application of studies of this nature are welldocumented in the literature (Steele, 1995; Davis et al., 1996; Sauer et al., 1997).

Figure 1. Boundary and general topographic setting of the Savoy Experimental Watershed (SEW),
with numbers and dashed lines showing location of six watersheds that lie within or nearby SEW.
This paper describes results from basin 1, which lies in the southwest corner of SEW.
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SCIENTIFIC RATIONALE FOR WATERSHED RESEARCH
"The goal of hydrologic science is to understand and predict the fluxes and storage
of water over a range of space and time scales. Such understanding also is necessary to
comprehend and predict fluxes and storage of sediments and solutes and to evaluate the
suitability of the aquatic environment for living organisms. Experimentation is an essen
tial part of science; in order to understand a phenomenon, it must be measured. Although
many individual components of the hydrologic cycle (e.g., free-surface flow, porousmedia flow, evaporation, chemical transport) can be studied in the laboratory under care
fully controlled conditions, the partitioning of rainfall into interception, infiltration, direct
surface runoff, evaporation, and ground-water recharge, taking into account the natural
temporal and spatial variability of rainfall and soil and vegetative characteristics, can be
observed in a meaningful way only at the watershed scale.” (National Research Council
et al., 1997 ).

RELEVANCE
This study site offers extraordinary promise to address meaningful, relevant ques
tions of land use and agricultural practices on water quality. We feel our preliminary stud
ies are a valuable aspect of site characterization that will allow water-quality process
delineation, and will give us new tools necessary to effectively manage our land and water
resources in this part of the State and region at a scale that is meaningful to most infor
mation users. It is envisioned that this site will serve as a state-of-the-science, field-scale
laboratory for shallow karst environments very much like Hubbard Brook watershed. New
Hampshire, does for the fractured, crystalline-rock setting it represents. Certainly the
accessibility, cost-effectiveness, existing infrastructure, and interagency and interdiscipli
nary collaboration portend a long life with high potential for technology transfer, out
reach, and education.

CURRENT INFRASTRUCTURE
Site characterization of watershed 1. in the southwestern part of SEW. was initiated
in the spring of 1997 to define controlling influences affecting surface- and ground-water
interaction at the site, and to develop a preliminary conceptual model of ground-water
flow and transport at a site-specific scale of the watershed. Data collection draws from
the following infrastructure, which is already in place (Figure 2):

•
•

•
•

•

2 continuous spring sampling stations (Langle and Copperhead), with 20-minute
monitoring for stage, water temperature, specific conductance, and pH;
incorporation of an existing USGS stream gaging station on the Illinois River at
Highway 16, approximately 500 meters upstream (south) from the southwest
corner of SEW;
32 augered boreholes, with observation-well completion within regolith, at or
above the epikarst;
6 rotary-drilled wells, with observation-well completion within the indurated,
shallow karst aquifer;
karst inventory of watershed 1. including field location and hydrogeologic
characterization of sinkholes, sinking streams, caves, and springs;
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•
•

•
•

•
•
•

7 fluorescent field dye-tracing experiments, to determine recharge areas of
specific springs and time of travel from input to resurgence points;
well inventory of SEW and contiguous areas to a distance of 5 kilometers,
including compilation of geologic logs from existing wells, existing records of
water quality, and geophysical logging of 6 rotary-drilled wells;
continuous precipitation record, utilizing a tipping-bucket rain gage within
watershed 1;
complete weather station, with 2 additional precipitation monitors in addition to
the tipping bucket rain gage, and sensors for air temperature, solar radiation,
humidity, wind speed, wind direction, and soil moisture and temperature at
2. 5, and 10 cm;
verification of previous field mapping of soils and geology within watershed 1 ;
determination of infiltration using double-ring infiltrometers on selected soil
types and geomorphic settings within watershed 1 ; and
background determination of selected water-quality parameters sampled from 35
different surface and subsurface locations within watersheds 1 and 6. including
regolith wells, deep wells, springs, tributary streams, precipitation, and the
Illinois River.

Figure 2. Location of selected hydrologic data-collection sites in watershed 1 of the Savoy
Experimental Watershed. Springs are represented by large circles, seeps are represented by small cir
cles, wells are represented by small rectangles, the surface runoff weir and automated water-quality
probes in normally dry drainage channel are represented by the large rectangular bar, and the precip
itation and weather station is represented by the letter W.
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SELECTED FIELD RESULTS
The boundaries of the surface drainage in watershed 1 do not coincide with the
boundaries of ground-water drainage. Based on fluorescent dye-tracing studies at condi
tions of low flow, Langle Spring drains a large area east of the spring that lies in another
surface watershed. Surface flow in the northeast-trending valley southeast of Langle
Spring (Figure 2) is pirated from the surface into the St. Joe Formation, where it moves
beneath the topographic divide to the spring. Under conditions of low flow. Copperhead
Spring drains a smaller area than Langle, as demonstrated by its lower normalized base
flow (Brahana. 1997). At high flow conditions, however. Copperhead displays a more
rapid and larger flow than Langle, suggesting 1) that Copperhead may capture a larger
percentage of surface water than Langle, or 2) its conduit system is more open and per
meable than that of Langle, and thereby able to pass a larger quantity of water more rapid
ly. Dye tracing under high-flow conditions further indicates that ground water moves
from one ground-water basin to the other by overflow along linear valleys thought to be
faults that act as ground-water dams.
Although Langle and Copperhead Springs lie next to one another and appear to be
similar in many respects, continuous monitoring of physical and chemical attributes of the
water quality indicate that they have distinctly different flow conditions, different basin
size, different geometry of input points, and a different ratio of components that make up
their hydrologic budgets. For the purpose of brevity, only temperature and specific con
ductance data from the two springs will be discussed in this paper; these data are com
pared with rainfall for December 1997 (Figure 3). On cloudless days with intense solar
radiation. Copperhead Spring shows a noticeable diurnal variation of temperature, where
as Langle does not. We hypothesize that both springs have a point input source from pirat
ed surface water that lies near the mouth of each spring, and that this source represents a
larger component of the spring flow budget at Copperhead than it does at Langle.
Moreover, in the storms of 12/8 and 12/24, temperature at Langle decreased about 0.6° C
and 0.2° C, whereas temperature at Copperhead increased 1.5° C and 0.5° C. Actual tem
peratures for water from the two springs for these storms was about 14.0° C. The inter
pretation is that stormwater on the surface, which was about 14.0° C, was captured at point
input sources along surface-drainage channels fairly near the resurgence of both springs.
The relative amount of captured surface flow from Copperhead is significantly more of
the total budget of the spring when compared to Langle. The warmer temperature of water
in Langle represents slightly older, and therefore warmer ground water that has equili
brated with the subsurface environment, as compared to Copperhead, which shows cool
er water with larger diurnal temperature variations from the recent storms. The continu
ous sampling data contain a huge amount of information, most of which is relevant to
unraveling the complex flow of these springs (Figure 3).

SUMMARY
Based on a preliminary assessment of all available data, the following conceptual
model describes the controlling influences of surface-and ground-water interaction with
in the SEW (Figure 4). It should be emphasized that these interpretations are based on the
early results of this study, and likely will undergo revision as we gain understanding and
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Figure 3. Responses of temperature and specific conductance at Langle and Copperhead Springs to
selected precipitation in the Savoy Experimental Watershed during part of December 1997.

additional data from long-term assessment. Ground-water recharge within the SEW is
distributed areally, yet preliminary data suggest that runoff, lateral flow in the soil and
limestone bedrock, and even temporal directions of flow are a function of many factors
which are highly non-homogeneous and anisotropic. Boundaries of surface-water basins
(watersheds) and ground-water basins do not coincide. Permeability contrasts within the
soil, at the soil-rock interface, and within the indurated part of the aquifer concentrate flow
and distribute it downgradient along the flow paths of least resistance. These flowpaths
are a reflection of lithology and stratigraphy, which are dominant controls on the hydrol
ogy. Springs in watershed 1 represent the interception of ground-water flowpaths with the
land surface, and discharges range across a continuum of intermittent, infrequent flowing
resurgences that flow only after heavy rains to continuous springs that flow year round.
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and may transmit more than 1 cubic meter per second under extreme high-flow condi
tions. The epikarst developed on the Boone Formation and the relatively pure limestones
of the St. Joe Formation represent the two most prevalent hydrogeologic intervals in
which continuous springs and seeps occur. Flow directions of the ground water, which
generally appear to follow structural dips of the rock formations, are decoupled from sur
face-water bodies where confinement by low-permeability layers in the Boone Formation
is effective. This decoupling is also lithologically controlled, but in areas of faults and
major joints, exhibits strong structural control. Stream piracy is one manifestation of
combined structural and lithologic control that is obvious in watershed 1.

1.
2.
3.
4.
5.
6.

Pirated surface water
Epikarst
Vadose conduit
Vadose diffuse
Phreatic conduit
Phreatic diffuse

Figure 4. Conceptual model of subsurface hydrologic budget components at the Savoy
Experimental Watershed identifiable from existing flow and water-quality data.
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BACTERIA AND NUTRIENTS IN SHALLOW AQUIFERS
OF NORTHWEST ARKANSAS
R.K. Davis, J. V. Brahana, H.A. Orndorff, and E.W. Peterson
Department of Geology
University of Arkansas
Fayetteville, Arkansas

ABSTRACT
Animal wastes associated with poultry and cattle in northwestern Arkansas rep
resent a source of nutrients and bacteria to shallow aquifers including the Boone
Formation, St. Joe Limestone, Pitkin Limestone, and the Batesville Sandstone. Five
springs in Benton, Carroll and Washington counties were monitored for major inor
ganic chemistry, nitrate-N, fecal coliform bacteria and E. coli from 1995 through
1997. Goals of the project were to establish a spring monitoring network in
Northwest Arkansas to assess non-point sources of contamination, establish back
ground concentrations for selected water-quality parameters for each spring, and
assess water-quality improvements associated with implementation of poultry waste
Best Management Practices (BMPs) within the recharge area of each spring.
Water samples were collected from each of the springs over five storm events
throughout the three year monitoring period. The sampled storm events covered
seasonal periods ranging from late-fall, early-winter, spring and late-summer. Three
springs (Decatur Spring in Benton County, Little Wildcat Spring in Washington
County, and Stafford Spring in Carroll County) issue from the karstic Boone
Formation. Braly Spring in Washington County south of Lincoln, Arkansas issues
from a cave in a west-facing bluff of Pitkin Limestone. Tanyard Spring in Carroll
County flows from a bedding plane in the Batesville Sandstone. Significant differ
ences in the response of springs to nitrate-N and bacteria over the hydrograph of
storm events were observed. Springs in the Boone Formation typically had nitrateN concentrations ranging from 2 to 7 mg/L. None of the nitrate-N concentrations
of Boone Formation springs were observed in excess of the U.S. Environmental
Protection Agency Maximum Contaminant Level (MCL) of 10 mg/L. The response
of Braly Spring to storm events is most similar to the Boone Formation springs. The
major difference between Braly Spring and the three Boone Formation springs is the
elevated nitrate-N observed at low-flow and throughout the project, which ranged
from about 2 to 5 mg/L for the Boone Formation springs and about 9.8 to 16.7 mg/L
for Braly Spring. The consistency of nitrate-N concentrations over the duration of
the project at Braly Spring, and the lack of seasonal fluctuations suggests a point
source of contamination. One point source impacting this spring is a waste
lagoon for a poultry egg production operation located approximately one mile east of the
spring. A connection between the spring and the waste lagoon has been confirmed with dye
tracing. Tanyard Spring in the Batesville Sandstone, generally has higher concentrations of
nitrate-N (2.5 to 15.3 mg/L) than those observed in the Boone Formation springs.
Bacteria concentrations for the Boone Formation springs ranged from near zero at lowflow conditions to over 49,000 cfu/100 mL during storm events. At Tanyard Spring, bac
teria concentrations ranged from near zero to about 2,000 cfu/100 mL. Bacteria concen-
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trations observed at Braly Spring were similar to the Boone Formation springs, ranging
from near 0 to about 34,000 cfu/100 mL.
The major difference between the spring systems is the recharge mechanism within
the ground-water basin contributing to each spring. The Boone Formation springs have a
significant component of pirated surface water and water that enters via solutionally
enlarged fractures and sinkholes. Recharge to Tanyard Spring occurs by infiltration
through sandy regolith developed on top of the Batesville Sandstone. It is postulated that
the more open mode of recharge associated with the Boone Formation springs allows
more organic matter and suspended material to enter the system. This may provide the
substrate necessary for increased rates of denitrification to occur. Water passing through
the sandy regolith overlying the Batesville Sandstone has lower total organic carbon
(TOC) and lower bacteria concentrations, due to more efficient filtration in the sandy
regolith. TOC at Tanyard Spring ranges from <1 to about 5 mg/L while at the Boone
Formation springs TOC ranges from 1 to about 13 mg/L. The lower concentrations of
organic carbon result in less denitrification and therefore higher nitrate-N concentrations.
Assessment of the effectiveness of BMPs over the duration of the project has been
problematic. There has been insufficient time since implementation of additional BMPs
within the recharge area of each spring to observe water-quality improvements. Any
changes observed have been masked by annual and seasonal water-quality variations at
each site. An analytical model utilizing regression techniques has been developed as a
mechanism to monitor impacts associated with BMP implementation. The model is based
on an observed relationship between spring stage, specific conductance and nitrate-N con
centrations. and it is capable of simulating nitrate-N concentrations over the entire storm
hydrograph with some confidence. This provides a method to calculate nitrate-N load
over the storm hydrograph. Variances in load can be compared between years and seasons
to assess BMP effectiveness.
All five springs were impacted by animal waste. There is insufficient data to deter
mine benefits of BMPs at this time, but analytical models have been developed for each
spring which may be used to assess BMP effectiveness in the future. Response of
Boone/St. Joe springs to storm pulses is similar. Braly Spring, in the Pitkin Limestone,
responds similarly to the Boone Formation springs, and is impacted by a point source of
contamination. Tanyard Spring’s nitrate-N concentrations were higher and bacteria con
centrations were lower than the Boone/St. Joe springs suggesting significant differences
in the mechanism of recharge for these springs. Denitrification within the Boone/St. Joe
aquifer appears to have a significant impact on nitrate-N concentrations. Although the rate
and method of denitrification in the Boone/St. Joe aquifer has not yet been quantified, it
is probably a function of more organic matter and colloidal material in the aquifer. These
concepts are important because they provide a basis for identifying the most effective
BMPs for a specific hydrogeologic environment.
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FLOW-CONCENTRATION RELATIONS AND
PHOSPHORUS LOADING IN THE ILLINOIS RIVER
W.R. Green
U.S. Geological Survey
Little Rock. Arkansas

ABSTRACT
Nutrient fate and transport in the Illinois River Basin, northwestern Arkansas and
eastern Oklahoma, has been the subject of much concern over the past two decades due to
urban and agricultural development in the basin. The U.S. Geological Survey in Arkansas
and Oklahoma has monitored water quality at several sites on the Illinois River and its
tributaries during this period and has maintained these data in a water-quality database.
Illinois River and tributary water-quality data from the Arkansas Department of Pollution
Control and Ecology through 1995 also are incorporated the U.S. Geological Survey data
base. The purpose of this study was to examine phosphorus concentration and flow rela
tions for existing data at seven sites in the Illinois River Basin and to explore the possi
bility of estimating accurate phosphorus loads. Daily discharge, flow accumulation, flow
concentration relations, and flow-adjusted concentration trends were calculated for each
monitored site. A statistical loading model was used to estimate annual phosphorus loads
and standard error of the predictions. Derived mean annual concentrations also were cal
culated. Results showed that at all sites, a proportionally large amount of discharge
occurred during a relatively short period of time (50 percent of annual accumulated flow
occurred in less than about 3-15 percent of time). At many sites, higher phosphorus con
centrations were recorded at lower flows and data were limited at all sites for higher flows.
The limited amount of data during higher discharges limited the accuracy of the load esti
mates. Error in load estimates was relatively large. Based on these results, year to year
differences in loading were difficult to determine. Additional data collected throughout
the entire flow regime will allow more accurate phosphorus load estimates. Future activ
ities or investigations that might be desirable include: collect samples at higher discharges
to more accurately estimate loads; calculate yields for contributing drainage area at each
site; use hydrograph separation techniques to calculate loads for base-flow discharges and
compare with loads calculated for total discharges; compare base-flow loads, higher dis
charge loads, and yields among sites within the basin; and relate contributing area loads
and yields to land use and changes in land use.
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EFFECT OF ALUMINUM SULFATE APPLICATIONS
ON FORMS OF PHOSPHATE IN POULTRY LITTER
W.F. Jaynes, P.A. Moore, Jr., and D.M. Miller.
USDA-ARS and University of Arkansas
Fayetteville, Arkansas

INTRODUCTION
Arkansas ranked first in U.S. broiler production in 1995 and consequently produces
large amounts of poultry litter (USDA, National Agricultural Statistics Service. 1997).
Poultry litter contains an average of 4.0% N. 1.56% P. and 2.32% K and most litter is used
locally as a fertilizer on pasture lands (Sims and Wolf. 1994; Stephenson et al.. 1990).
Poultry feed contains CaHPO4 of which >85% can pass through the birds undissolved
(Isermann, 1990). Soluble P in runoff from land-applied poultry litter can potentially
accelerate eutrophication of surface waters. Aluminum sulfate (Al2(SO4)3.14H2O or
alum) additions to poultry litter have been shown to decrease P solubility and reduce P
concentrations in runoff from land-applied litter (Moore and Miller, 1994; Shreve et al..
1994).
Alum is used in municipal water treatment to remove dissolved and suspended
solids. The Al+3 cation from alum can precipitate P as insoluble AIPO4 or can
hydrolyze in water to generate acidity and ultimately form a gelatinous precipitate of
A1(OH)3 (Pauling, 1970).
Research indicates that alum treatments reduce P solubility in poultry litter, but it is
not clear what P and Al phases form after treatment. Although data from Hsu (1982) sug
gest that poultry litter may be too alkaline to form crystalline variscite (AIPO4 .2H2O),
some AIPO4 phase is probably formed.
The objectives of this research were to examine the composition of alum-treated and
untreated poultry litter, determine the changes caused by alum treatment, and identify any
P or Al phases that formed due to alum treatment.

METHODS
Alum-treated and control litter samples were obtained from poultry houses where
wood shavings were used as bedding material. Alum was applied to poultry litter at a rate
of 1816 kg/house after each flock of birds and mixed throughout the litter.
Particle-size fractionation was used to concentrate the inorganic fractions of control
and alum-treated poultry litter samples in order to measure changes in chemical compo
sition. Litter samples were dispersed in deionized water and washed through 2.00, 0.85,
0.50, and 0.25 mm sieves. To further concentrate the inorganic material, organic matter
was removed from subsamples of the <0.25 mm fraction using wet-oxidation with NaOCl.
Samples of whole poultry litter and the <0.25 mm fractions were chemically ana
lyzed to identify the changes in P and Al chemistry and mineralogy caused by alum addi
tions. Samples were digested in HNO3 and analyzed for total Al, Ca, Mg, Na, K. P. and
S using inductively-coupled plasma spectroscopy (ICP). Samples were also analyzed for
total C, N, and S using a Leco carbon analyzer.
X-ray diffraction (XRD) was used to identify the crystalline phases in poultry litter.
The <0.25 mm fractions were analyzed using a Philips X-ray diffractometer. Samples
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were packed into aluminum powder mounts and step-scanned from 10 to 40 degrees 2theta using Cu Ka radiation.
Litter samples and reference phosphate minerals were sequentially extracted using
H2O, KC1, NaOH. and HCl to distinguish the different forms of P in the samples.
Samples (1.00 g) of whole and <0.25 mm litter and reference samples of AIPO4,
Ca5(PO)3OH, and CallPO4 were sequentially extracted with 25 mL aliquots of H2O, 0.5
M KCl, 1.0 M NaOH, and 1.0 M HCl. Williams et al. (1980) used a similar procedure to
distinguish phosphate minerals in soils.

RESULTS
Alum treatments greatly increased the Al content and slightly decreased the organic
C contents of whole litter samples ( Table 1 ). The Al content of the whole alum-treated
sample was 0.67%, which is about one third of the 1.87% value reported by Moore et al.
(1998). The lower alum application rate used for poultry houses in this study may not
reduce soluble P to acceptable levels, but the litter composition may better reveal the reac
tion process. The P contents were greater in the <0.25mm fractions of both litters.
Particle-size fractionation concentrated C and bedding material in the coarse fractions
(Figure 1), while N and manure were concentrated in the <0.25 mm fraction (Figure 2).
Hence, particle-size fractionation by wet-sieving effectively concentrated manure and
phosphates in the <0.25 mm fraction.
In the <0.25 mm fractions, calcium oxalate (CaC2O4H2O), quartz, and calcite were
the only crystalline minerals identified by XRD. Calcite was most abundant in control
samples. No crystalline P or Al phases were identified in either litter. Calcium oxalate
was initially present in both control and alum-treated litters and more of it was formed
during wet oxidation of the control litter. Similarly, Martin (1954) found that calcium
oxalate was formed during wet-oxidation of soil organic matter.
Sequential extraction using H2O. KCl. NaOH, and HCl was used to aid in the iden
tification of P and Al phases in the litter (Table 2). A significant fraction of the P in the
litter samples was removed by the H2O extraction (soluble P) and the KCl extraction
(exchangeable P). In contrast, very little of the P in the reference minerals was removed
by these extractions. The P concentrations in the litter H2O extracts were greater than
in the reference CaHPO4 sample, which suggests that the P was derived from more solu
ble phases such as K and Na phosphates. However, organic as well as inorganic P con
tributed to the total P content in the litter samples.
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Table 1. Chemical composition of dried whole litter and particle-size fractions.

Element

Control
whole
Litter

Control
<0.25mm

Control
<0.25mm
(inorganic
fraction)

Alum
-treated
whole

Alum
-treated
<0.25mm

\lum
-treated
<0.25mm
(inorganic
fraction)

---------------------------- --------------------------- %-----------------------------------------------------------

Al

0.06 ±0.01

0.16 ±0.00

C

0.47 ±0.00

0.67 ±0.02

2.03 ±0.01

5.14 ±0.08

33.02 ±0.49

30.14 ±0.41

8.61 ±0.05

27.98 ±0.02

26.89 ±0.01

4.41 ±0.04

Ca

2.97 ±0.05

5.62 ±0.01

14.81 ±0.06

3.35 ±0.01

5.22 ±0.01

9.65 ±0.11

Fe

0.12 ±0.01

0.27 ±0.00

0.79 ±0.01

0.15 ±0.02

0.31 ±0.00

O.76 ±0.00

K

2.83 ±0.02

1.67 ±0.01

0.26 ±0.03

3.16 ±0.09

1.05 ±0.00

0.59 ±0.08

Mg

0.69 ±0.00

1.76 ±0.01

1.51 ±0.01

0.74 ±0.01

1.81 ±0.02

1.27 ±0.02

N

3.54 ±0.06

3.67 ±0.23

0.05 ±0.00

3.91 ±0.10

3.68 ±0.00

0.05 ±0.00

Na

0.60 ±0.00

0.28 ±0.00

0.54 ±0.01

0.60 ±0.01

0.12 ±0.00

1.12 ±0.02

P

1.87 ±0.01

4.11 ±0.04

6.80 ±0.01

2.12 ±0.02

4.55 ±0.01

6.88 ±0.01

S

0.65 ±0.01

0.45 ±0.01

0.05 ±0.00

1.65 ±0.08

0.64 ±0.01

0.08 ±0.00

Figure 1. Average percent carbon in poultry litter fractions.

Figure 2. Average percent nitrogen in poultry litter fractions.

The NaOH extraction, which is generally associated with Al phosphates, removed most of
the P from the referenced AIPO4 sample. One third of the P in the CaHPO4 sample was
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also removed by NaOH. Much of the P removed by NaOH from the control litter sam
ples was probably derived from CaHPO4. The additional P extracted from the alum-treat
ed samples was derived from Al phosphates. The Al phosphate had an A1:P molar ratio
>2, which suggests that the dissolved material was an aluminum hydroxy phosphate, such
as Al2(OH)3PO4 rather than AIPO4.
The HCl extraction, which is primarily associated with Ca phosphates, removed 98%
of the P in the reference Ca5(PO4)3OH and 67% of the P in CaHPO4 For the litter sam
ples, 50-60% of the P was removed by the HCl extraction. Although these results indi
cate that most of the P in the litter samples was present as Ca phosphates that were rela
tively unaffected by alum treatment, some organic P also contributed to the total P mea
sured in the extracts.

CONCLUSIONS
Particle-size fractionation effectively concentrated manure and P in the <0.25 mm
fractions of poultry manure. No crystalline P or Al phases were identified by XRD in the
litter samples. Hence, any Ca or Al phosphates in the litter samples were present as Xray amorphous phases. Alum treatment formed Al phosphates at the expense of soluble
P. Yet, the A1:P molar ratio >2 indicates that the Al phosphate formed had a composition
closer to Al2(OH)3PO4 than AIPO4. Most of the P in the litter samples was present as
Ca phosphates that were relatively unaffected by the alum addition. However, this litter
was treated with only about one third as much alum as has frequently been applied. By
forming more Al phosphates, higher alum rates would probably shift more of the P into
the NaOH extract.

Table 2. Sequential P extraction of poultry litter and reference phosphate minerals.
Sample

Control litter
Control
<0.25mm
Alum-treated
Litter
Alum-treated
<0.25mm
aipo4

h2o

KCI

NaOH

HCI

Residue

--------------- %Total P in extracts----------------13.55
9.79
13.66
55.10
7.90
13.44
62.46
7.64
-

Al : P
Ca : P
in
in
NaOH
HCI
-—molar ratio—
<0.02
1.62
<0.02
1.55

9.49

7.67

19.70

54.68

8.46

1.52

1.64

-

-

20.83

61.92

6.52

2.13

1.40

0.03

0.02

99.55

0.13

0.27

0.94

Ca5(PO4)3OH

0.11

0.13

1.32

98.44

0.00

-

1.70

CaHPO4

0.34

0.27

31.97

67.42

0.00

-

1.47
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RECENT TOTAL PHOSPHORUS LOADS IN THE
ILLINOIS RIVER WATERSHED IN ARKANSAS
COMPARED TO LOADS IN 1980-93

Martin Maner
Arkansas Department of Pollution Control and Ecology
Little Rock, Arkansas
A 40 % reduction of the 1980-93 total phosphorus load to Lake Tenkiller, a reservoir
on the Illinois River in Oklahoma, has been established as a goal to maintain the existing
water quality of the lake. Arkansas, Oklahoma, and the Environmental Protection Agency
(EPA) have agreed to monitor progress toward the 40% reduction by comparing the 198093 load to moving five-year averages of current data.
The Illinois River watershed in Arkansas is made up of the main stem of the Illinois
with a drainage area of 635 mi2 at Watts. Ok, and three principle tributaries. The tribu
taries are Flint Creek with a drainage area at the Arkansas Department of Pollution
Control and Ecology (ADPC&E) monitoring site of 59.8 mi2, the Baron Fork with a
drainage area at the ADPC&E monitoring site of 40.6 mi2, and Sager Creek with a
drainage area of about 14.75 mi2 at the ADPC&E monitoring site.
Total watershed load for the 1980-93 base line period was 221,425 kg/yr. A 40 %
reduction of the total load would be 132.855 kg/yr, the overall target load for the Arkansas
portion of the watershed. In the 1991-95 five-year period the total load was reduced to
176,948 kg/yr. 44,477 kg/yr less than the 1980-93 load. The overall load reduction from
221,425 kg/yr to 176,948 kg/yr constitutes a 20.1% reduction, or approximately half of
the 40% reduction goal. An additional reduction of about 44,000 kg/yr from the 176,948
kg/yr will be necessary to meet the 132,855 kg/yr goal.
Total phosphorus concentration in the main stem of the Illinois for the 1980-93 cal
endar year period averaged 0.311 mg/L. The 1993-97 calendar five-year average concen
tration was 0.210 mg/L. The main-stem of the Illinois River as it leaves Arkansas consti
tutes about 87% of the total phosphorus load. Total phosphorus load in the main stem of
the river for the 1980-93 calendar year period averaged 190,182 kg/yr. A 40% reduction
of this load would be 114,109 kg/yr, the target goal. The 1993-97 calendar five-year aver
age load was 146.665 kg/yr. a 43.517 kg/yr or 22.9% reduction from the 1980-93 load. An
additional reduction of about 40,000 kg/yr. depending on stream flow, will be necessary
to meet the goal.
Using observed in-stream phosphorus decay rates for the point source phosphorus
load, the estimated point and non-point source loads in the main-stem segment of the river
at the state line are : point source, 17% of the total load; non-point source load. 68% of
the total load. Using end of pipe point source values and no in-stream phosphorus decay,
the loads are : point source, 45% of the total load; non-point source, 40% of the total
(background load accounts for 15% of the total load). The actual relative loads are some
where between these two values.
Total phosphorus concentration in Sager Creek for the 1980-93 calendar year period
averaged 1.102 mg/L. The 1991-95 calendar five-year average concentration was 0.844
mg/L. The Sager Creek total phosphorus load is about 8% of the total watershed load at
the state line. Total phosphorus load in Sager Creek for the 1980-93 was 20.668 kg/yr. A
40% reduction of this load would be 12,400 kg/yr. the target goal. The 1991-95 calendar
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five-year average load was 14,488 kg/yr, a 29.9% reduction from the 1980-93 load. To
meet the 12,400 kg/yr goal the 1991-95 load in Sager Creek would have to be reduced by
an additional 2,088 kg/yr. Recent monitoring data at the monitoring site suggests this goal
may be achieved by a small reduction in the phosphorus load from the Siloam Springs
sewage treatment.
Total phosphorus concentration in Baron Fork for the 1980-93 calendar year period
averaged 0.151 mg/L. The 1991-95 calendar five-year average concentration was 0.104
mg/L. Total phosphorus load in the Baron Fork is about 3% of the total watershed load at
the state line. Load for the 1980-93 calendar year was 7,092 kg/yr. A 40% reduction of
this load would be 4,255 kg/yr, the target goal. The 1991-95 calendar five-year average
load was 5,434 kg/yr, a 23.4% reduction from the 1980-93 load. To meet the 4,255 kg/yr
goal the 1991-95 load in Baron Fork would have to be reduced by an additional 1.180
kg/yr.
Total phosphorus concentration in Flint Creek for the 1980-93 calendar year period
averaged 0.077 mg/L. The 1991-95 calendar five-year average concentration was 0.055
mg/L. The total phosphorus load in Flint Creek is about 1.7% of the total watershed load
at the state line. Total phosphorus load in Flint Creek for the 1980-93 calendar year peri
od was 3,483 kg/yr. A 40% reduction of this load would be 2.090 kg/yr, the target goal.
The 1991-95 calendar five-year average load was 3,047 kg/yr, a 12.5% reduction from the
1980-93 load. To meet the 2.090 kg/yr goal the 1991-95 load in Flint Creek would have
to be reduced by an additional 955 kg/yr. Because the Flint Creek watershed contributes
only approximately 1.7% of the total load and in-stream concentrations are relatively low,
efforts to reduce phosphorus in this watershed should not be as of high priority as in the
main stem of the Illinois.
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IMPACT OF DOMESTIC WASTEWATER TREATMENT
SYSTEMS ON SURFACE AND GROUND WATER
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ABSTRACT
Non-point source contamination of the upper White River is impacting the water
quality of Beaver Lake, a major drinking water supply for Northwest Arkansas. Both
human and animal waste contribute pollution to the river. The goal of this study was to
determine the extent to which small towns, like St. Paul, contribute to the pollution load
on the upper White River. St. Paul is situated on shallow (10 to 15 feet) alluvial deposits
adjacent to the White River The town has 175 residents and a consolidated school with
approximately 350 students. Long-term monitoring (once per month for 10 months) of
surface and shallow ground water at St. Paul was used to determine ambient water quali
ty and the impact of local septic systems.. Water samples from eight hand-dug wells in
town indicate that all the shallow ground water is contaminated with effluent from indi
vidual septic systems. Total coliform counts up to 165,000 MPN/100 mL and Escherichia
coli as high as 3,000 MPN/100mL were measured in samples from these wells. Chloride
and sulfate concentrations were as high as 17 mg/L and nitrate-N levels reached 5.6
mg/L. Analysis of samples from the White River resulted in a maximum total coliform
count of 14,000 MPN/100mL and a maximum E. coli count of 300 MPN/ 100 mL. The
highest chloride reading in the river was 6 mg/L. Sulfate and nitrate-N maximum obser
vations were 5.1 and 0.5 mg/L, respectively. To assess the impact of St. Paul on the water
quality of the river, samples were taken from the river upstream from the town, adjacent
to town and downstream from the town. Collected monthly over a period of 10 months,
these samples showed no significant increase in contaminant concentrations as the river
passed St. Paul. Nitrate-N. in fact, decreased. In conclusion. St. Paul is not impacting the
water quality of the White River even though its shallow ground water has been impacted
by effluent from local septic systems. Additional research would be needed to determine
if the contamination is not reaching the river or if the lack of impact on the river is due to
dilution.
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INTRODUCTION
In areas where dense production of poultry occurs, the litter is most often surfaceapplied to pastures in the area of the production facilities (Edwards and Daniel, 1993).
Consequent problems that have been associated with this practice are elevated P levels in
the soil and excessive P concentrations in runoff from pasture land. It is well document
ed that increased P levels in runoff can adversely impact surface waters by accelerating
the eutrophication process (Sharpley and Menzel, 1987: Pote et al., 1996).
Currently, there is a national focus on identifying best management practices to
reduce the problems associated with P runoff and its impact on the environment. A
recent laboratory study by Moore and Miller (1994) has shown that the addition of alum
to poultry litter reduces soluble P levels from >2,000 mg P kg--1 litter to <1 mg P kg-1 lit
ter. Shreve et al. (1995) demonstrated that P runoff from fescue plots fertilized with alumamended litter was 87% lower than plots fertilized with normal litter. However, little
information is known about the effects alum-treated litter additions have on the availabil
ity of P in the soil. The objective of this study was to compare soil P levels, both Mehlich
III extractable and water soluble P in tall fescue plots treated with alum-amended litter,
untreated poultry litter, and NH4NO3.

MATERIALS AND METHODS
The study was conducted using 52 small plots (1.52 by 3.05 m, with 5% slope) locat
ed at the Main Agricultural Experiment Station of the University of Arkansas on a Captina
silt loam (fine-silty, siliceous, mesic Typic Fragiudult). The plots had been in continuous
tall fescue production for 2 years. There were a total of 13 treatments; four rates of alumtreated poultry litter, four rates of untreated poultry litter, four rates of ammonium nitrate,
and one unfertilized control. Litter application rates were 2.24, 4.49, 6.73, and 8.98 Mg
ha-1 (1.2,3, and 4 tons acre-1 Ammonium nitrate application rates were 65, 130, 195,
and 260 kg N ha-1. These treatments were applied annually in the spring of the year for 3
years (1995,1996, and 1997). There were four replications of each treatment in a ran
domized block design.
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The poultry litter used for this study was collected from six commercial broiler
houses in Northwest Arkansas that had been used in a prior study to examine the effects
of alum on ammonia volatilization (Moore et al., 1997). Alum had been applied to half
of the houses at a 1816 kg house-1 rate after each growout. Alum was applied and mixed
into the litter using a litter “de-caker”. This procedure resulted in the alum-treated litter
being approximately 10% alum by weight.
Soil samples (0-5 cm) were taken from each plot (10 cores/plot) periodically
throughout the study. Mehlich III soil test P (Mehlich, 1984), water soluble soil P (mod
ification of Pote et al. (1996) , with a 1:10 as opposed to a 1:25 dilution factor), and pH
values were determined.
RESULTS AND DISCUSSION
Water Soluble Phosphorus
Significant differences in soil water soluble P values in plots treated with the high
est litter application rate did not occur until one year after the initial litter treatment appli
cation (Table 1). Plots that received the 8.97 Mg ha-1 untreated poultry litter application
had significantly higher water soluble P values than plots treated with the 8.97 Mg h-1
alum-amended litter treatment.
During the second year of the study, water soluble P values for plots treated with the
6.73 and 8.97 Mg ha-1 untreated litter applications were significantly higher than in plots
treated with the 6.73 and 8.97 Mg ha-' alum-amended litter (Table 1). Results from the
third year of the study followed the same pattern, with the soil water soluble P values
being higher in the untreated litter plots compared to equivalently treated alum-amend
ed litter plots.
The largest differences between treatments occurred during the third study year
(Fig. 1 ). As application rates for the untreated litter increased, water soluble P increased.
However, there were no significant differences in water soluble P values between unfer
tilized control plots and the plots fertilized with the four rates of alum. There were also
no differences in water soluble P values between the unfertilized control and plots treat
ed with NH4NO3.
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Fig. 1. Soil water soluble P and Mehlich III values after three years of pasture amendment application, June 1997
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Mehlich III Phosphorus
Significant differences in Mehlich 111 P between litter treatments did not occur until
the second year of the study (Table 1). Mehlich III P values in the plots treated with 8.97
Mg ha-1 of untreated litter were higher than the equivalent rate alum-amended litter plots
for all sampling dates in 1997.
Mehlich Ill P values in the plots treated with untreated poultry litter increased sig
nificantly with an increasing application rate during the third study year (Fig. 1). There
were no significant differences in Mehlich III P values between the plots treated with the
4.48, 6.73, and 8.97 Mg ha-1 applications of alum-amended poultry litter. The unfertil
ized control and plots treated with NH4NO3 had the lowest Mehlich III P values.

pH
One of the reasons alum effectively decreases NH3 volatilization in poultry houses
is due to its ability to lower the pH of poultry litter (Moore et al., 1995). Because the
alum-amended litter product has a slightly lower pH compared to that of untreated poul
try litter at the time of cleanout (7.6 vs. 8.0), there have been concerns about its poten
tial to lower the pH of the soil. To address this concern, soil pH measurements were taken
at the end of the third study year. Regardless of application rates, all plots treated with
alum-amended litter had higher pH values compared to the unfertilized control plots (Fig.
2) Plots fertilized with high rates of NH4NO3 tended to have lower pH values than the
unfertilized control, as would be expected.

Figure 2. Soil pH values after three years of pasture amendment application, December 1997.
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Table 1. Soil water soluble P and Mehlich III P values at each sampling date.

Date
Treatment

3/95

4/95

6/95

7/95

10/95
— Water soluble P

Control
UL @ 8.97 Mg ha-1
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UL @ 6.73 Mg ha-1
UL@ 4.48 Mg ha-1
UL @ 2.24 Mg ha-1
AL @ 8.97 Mg ha-1
AL @ 6.73 Mg ha' '
Al. @ 4 48 Mg ha-1
AL @ 2.24 Mg ha-1
NH4NO3 @ 260 kg N ha-1
NH4NO, @ 195 kgNha-1
NH4NO3 @ 130 kgNha-1
NH4NO3 @ 65 kgNha-1
LSD 05

19.1
19.5
17.1
19.7
19.2
19.9
18 1
19.6
19.5
19.8
19 3
20 8
18.3
64

FA

12.5

13.7

11.6

33.2
30.9
21.7
17.5
30.8
20 1
18 3
14 2
13.7
13 6
14.8
14.8
70

27.3

26.2

18.6
24.3
14.3
21.1
18.5
21 4
22 0
12.8
13.0
13.7
12 6
7.8

4/96

22.9
16.9
16 4
22.5
20.9
18.4
17.6
13.5
12 2
17.1

48.8
34.6

18.9
21.0
23.6
21.6
18.9
22.6
18.4
14.2
17.7

10.6
7.5

21.1
7 7

24.9
24.7
23.8
20.6
21.4
21.1
20.4
13.5
14.5
16.5
9.7

NH4NO,@ 130 kgNha
NH4NO, @ 65 kgNha'1
1 SI)

.

Abbreviations:

131.1
131.0
130.9

131.61
205.2
199.7
168.8
129.6
247.8
171.1
139.8
138.6
140.1

79.6
267.4
259.1
240 0
235 8
315.4
270.8
233.2
218 6
179.5

151.2
232.6
228.1
193.9
202.2
243.5
231.6
194.3
202.2
148.5

135.3
205.5
188.1
161.6
141.9
171.1
177.1
159.8
160.8
123.9

132.3
129 5

123.2
121.1

207.2
180.6

158.1
158.1

126.9
122.7

129.8

137.8
40.1

174.1
77.7

156.5
55 5

1312
129.6
130.3
138.5
126.4
130.8
131.7

26 3

8/96

32.5
28.5

................................................................. Mehlich III P Values (mg/kg)
Control
UL @ 8 97 Mg ha-1
UL @ 6.73 Mg ha-1
UL @ 4 48 Mg ha-1
UL @ 2 24 Mg ha-1
AL @ 8 97 Mg ha-1
AL @ 6.73 Mg ha-1
AL @4.48 Mg ha-1
AL @2.24 Mg ha-1
NH4N0, @ 260 kgNha1
NH4N0,/« 195 kgNha1

4/96

Values (mg/kg) --------FA
16.6
18.8

UL = untreated litter. AL = alum-treated litter, FA = Fertilizer application

137.1

33 0

3/97

4/97

12.8
31.7

FA

24.1

6/97

12/97

14.6

12.1

39.2
35.0

42.5
28.8
28.8
21.3
18.2
19.1
16.5
16.4
9.1
10.4
9.6
12.8
6.9

28 5
21.7
17.2
21.1
17.1
17.9
10.7

17.3
16.3
19.1
17.1
15.3
16.0
11.1
12.1
13.9
15 4

10.8
13.3
9.6

3.6

8.9

..........................................................................................................
129.3
192.7
107.9
157.6
368.7
273.2
384.3
405.3
305.9
262.2
223.7
297.5
273.8
291.7
219.3
138.8
137.8
146.6

195.3
89 5

328.5
247.0
244.2
330.0
303.0
244.5
234.5
165.5
176.5
189.3

250.5
205.4
156.8
183.8
183.8
163.4
115.0
86.7
95.7
87.4

281.3
266 9
210.8
276.7
276.7
266.9
210.8
129.2
123.5
113.9

I96.0
1

90.2
60 5

158.6
47 7

45.3

CONCLUSIONS

Results from this study indicated that after three years of applying alum-amended
poultry litter to tall fescue plots, there were no significant differences in soil water solu
ble P values when compared to the unfertilized control. This was not the case for untreat
ed poultry litter, which resulted in increased water soluble P levels in soil, particularly at
the higher rates of application. Also, the effects of lower soil water soluble P values
resulting from the use of alum in poultry litter did not occur until one year after the ini
tial litter application. Alum-amended litter plots had significantly lower Mehlich 111 P
values compared to equivalently managed untreated litter plots after two years of litter
applications. The data also confirmed that adding alum to poultry litter did not result in
lower soil pH values for pasture treated with this litter. This study is being continued to
monitor the long term effects of untreated poultry litter and alum-amended litter on P lev
els in the soil.
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MONITORING PERSISTENCE AND ENVIRONMENTAL
FACTORS AFFECTING THE FATE OF RICE
PESTICIDES IN SURFACE WATER
B.W. Skulman, J.D. Mattice, R.W. Dewell, and T.L. Lavy
Department of Agronomy
University of Arkansas
Fayetteville, Arkansas

ABSTRACT
Our objectives were to monitor environmental water sources for rice pesticide cont
amination and also to identify which environmental factors were involved in the dissipa
tion of rice pesticides. Stream water samples were collected six times between May and
July 1997 and analyzed for 17 different pesticides associated with rice production. The
samples were collected from the Mississippi River in Mississippi County, L=Anguille and
St. Francis Rivers in Lee County, White River in Arkansas County. Arkansas River in
Desha County and the Mississippi River in Chicot County. Methyl parathion, malathion
and pendimethalin were not detected in any of the samples. Quinclorac, iprodione, propiconazole, carbaryl and molinate were the most frequently detected pesticides accounting
for >61% of the overall detections.
Quinclorac, iprodione and molinate showed multiple repeat detections from at least
two sampling sites each. The presence of these compounds during the rice growing sea
son is attributable to the current production practices in Arkansas. Generally rice fields
are flushed during May-June before flood establishment. These tailwaters flow into
drainage channels and into nearby watersheds.
A 56 day greenhouse study was initiated to assess factors such as water types (deion
ized or environmental), aeration, sediment and solar irradiation responsible for the degradation/dissipation observed in the monitoring study. Interactive effects appeared to be
important to most of the dissipation processes. The most common interaction was water
type and sediment. This result suggests that sediment was important in providing organ
ic matter and microbial activity to enhance the dissipation process through adsorption
and/or degradation. Quinclorac was detectable throughout the experiment with minimal
losses under several treatment conditions. This observation agrees very well with the
results from the field monitoring study. Pendimethalin, propanil and thiobencarb showed
the most rapid dissipation rates.
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PHOSPHORUS TRANSPORT IN THE ILLINOIS RIVER:
PRELIMINARY RESULTS OF INTENSIVE SAMPLING
T.S. Soerens and D.G. Parker
Department of Civil Engineering

M.A. Nelson
Arkansas Water Resources Center
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Fayetteville, Arkansas

ABSTRACT
Accurate measurements of pollution loads in streams are critical for determining the
impacts of non point source (NPS) pollution. Although researchers are attempting to
determine these impacts, there are no consistent rules or guidelines for determining the
best sampling technique to be used. The objectives of this study are to investigate the sen
sitivity of surface water NPS load calculations to sampling frequency and timing during
storms. The purpose is to provide information to optimize the design of stream sampling
schemes. We intensively sampled during storms at two sites in the Illinois River basin in
Northwest Arkansas, in order to use the collected data to determine the optimum sampling
strategies. The data collected in this study comprise a database of nearly 700 discrete
samples with 6 different water quality parameters. This paper summarizes some prelim
inary results.

INTRODUCTION
Accurate measurements of pollution loads in streams are critical for determining the
impacts of non-point source (NPS) pollution. Much of the total load of a pollutant in a
stream may be transported during storms. Sampling schemes that do not take this into
account will not provide the data needed to accurately calculate loads. Also, during
storms, sampling schemes may miss important portions of the hydrograph. During
storms, concentrations change rapidly between samples, different pollutants may peak at
different parts of the hydrograph, and some pollutants are strongly correlated to flow and
to suspended solids. These variables need to be studied in order to develop sampling
schemes which lead to accurate load calculations.
The objective of this study was to investigate the sensitivity of surface water NPS
load calculations to sampling frequency and timing, particularly relative to storm hydro
graphs. The specific objectives were to determine 1) the minimum number of samples
required to be taken during the three different sections of stream flow hydrographs: base
flow, rising stormflow, and falling stormflow, to characterize pollutant loads with a high
confidence and low bias; and 2) the effect of trigger level relative to base flow (where does
a storm event start and stop) on loads.
Two sites in the Illinois River basin in Arkansas were used in the study - Moores
Creek, near Lincoln, and the Illinois River bridge on Arkansas highway 59 south of
Siloam Springs. The constituents measured were total phosphorus (total P), orthophos-
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phate (PO4-P), total suspended solids (TSS), nitrate (NO3). ammonia nitrogen (NH4-N),
and total Kjeldahl nitrogen (TKN). At the highway 59 site, the study was designed to take
3 samples between storms, samples every 30 minutes during the rising portion of the
hydrograph, and every hour during the falling portion for eight storms. Two storms were
sampled at the Moores Creek site. A total of approximately 700 samples were collected
and analyzed.

RESULTS AND DISCUSSION

Individual Storms
In this paper, we will present the results of sampling at the highway 59 site for two
storms - a small storm during the last few days of November 1997 (storm 1 ). and a very
large storm during the first week of January 1998 (storm 2). Figures 1 and 2 show a plot
of relative concentration (concentration/maximum concentration) and discharge versus
time for storms 1 and 2. respectively. The maximum concentrations are shown in Table
1.

Table 1
Maximum Concentrations (mg/L)

Storm 1
Storm 2

NOn-N
2.4
3.8

total P
0.48
3.27

NH4-N
0.12
0.18

TKN
0.86
8.72

PO4-P
0.40
0.88

TSS
30
1788

We see in figures 1 and 2 that the pollutant concentrations, except for nitrate, peak
near the initial discharge peak and then decrease earlier than does the discharge. In storm
2, the initial discharge increase results in a peak of concentration and the second much
larger discharge peak produces a similar, but not larger, concentration peak. The nitrate
concentration remains fairly steady in storm 1 and is negatively correlated to discharge in
storm 2.
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Figure 1

Concentration and discharge versus time for storm 1 Relative concentration
(C/Cmax) is the concentration divided by the maximum concentration

Figure 2 Concentration and discharge versus time for storm 2

37

To express the relationship between when the concentration peaks during a storm and
when the discharge peaks, Table 2 presents the concentration relative moment, which is
the ratio of the first moment of the concentration versus time plot to the first moment of
the discharge versus time plot. A relative moment of less than one means that the centroid
of the concentration occurred before the centroid of discharge. In both storms, the cen
troid of all of the constituent concentrations except nitrate occurred before the centroid of
discharge.

Table 2
Storm Concentration Relative Moment

Storm 1
Storm 2

no3
1.01
2.16

total P
0.92
0.79

nh4-n
0.80
0.85

TKN
0.88
0.75

PO4-P
0.93
0.95

TSS
0.81
0.66

Similar information can be seen in Figure 3 for storm 2. Figure 3 shows a plot of the
percentage of total storm load versus time. We see that at 60 hours, less than half of the
total discharge of the storm has taken place, but about three-quarters of the total TSS load
is complete.

Figure 3 Percent of total load versus time for storm 2
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From subsets of the 30 minute interval data, we also calculated loads based on 60,
120, and 240 minute sampling intervals. The TSS loads calculated this way are shown in
Figure 4 as a percentage of the best estimate load, where the best estimate load is calcu
lated with all the data.

Figure 4 Percent of true TSS load versus sampling interval

The variation (error) increases with increasing sampling interval. With a four hour
interval, one sample can have a major influence. The highest error, 63% high in storm 1,
is due primarily to a very high concentration in the first sample for storm 1. This high first
concentration has subsequently been shown to be an error due to the placement or setup
of the auto sampler. This calculation does illustrate the error which can result from wide
sampling intervals and thus reliance upon one or a few samples.

Monthly Loads
The previous analysis examined a few issues related to sampling during storms.
However, many river and stream sampling plans employ only monthly sampling. Based
on one grab sample each month, loads were calculated for December 1997 and January
1998 and compared to the best estimate loads calculated from the entire data set which
includes the storms. Figure 5 shows the loads calculated by monthly sampling as a per
cent of the best estimate load for three dates.By not including the storms (except by the
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chance that the monthly sampling may happen to coincide with a storm), loads of all con
stituents except nitrate are underestimated. This is especially true of TSS. which are trans
ported primarily during storms.

Figure 5 Percent of best estimate TSS load by monthly sampling

CONCLUSIONS AND IMPLICATIONS
Stream load calculations are dependent upon when and how often the water is sam
pled. The concentration of most constituents peaks and then decreases earlier than does
the stream discharge. This relationship suggests that sampling the rising portion of the
hydrograph is important to accurately determine loads. More sparse sampling intervals
during storms lead to larger errors and make the load calculations more sensitive to single
values. Sampling only monthly and neglecting the impact of storm loads consistently
leads to underestimates of load. The data set developed during this study represents a
valuable resource for examining sampling issues and designing more accurate sampling
plans.
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OF SPATIAL AND TEMPORAL CHANGES IN THE
BUFFALO RIVER WATERSHED
T.H. Udouj, B. Dixon, and H.D. Scott
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ABSTRACT
There is concern about the potential contamination, overuse and development of the
Buffalo National River and the surrounding watershed in North-central Arkansas. The
objective of this work was to determine the spatial and temporal changes in land use in the
Buffalo River Watershed over a 27-year period. A CIS was used to develop a spatial data
base of the watershed and to analyze the differences in land use from 1965 to 1992. Over
this time span approximately 40,000 ha of forest were lost and converted primarily to pas
ture. The average rate of loss of forest was 1,480 ha/yr. During this same period, the aver
age rate of gain of pasture was 1,381 ha/yr. With 1965 as the base, losses of forest
occurred in user-defined slope categories with losses of 16.3, 13.2 and 12.5% in the
< 7, 7 to 14, and > 14 degree slope categories, respectively. The 7 to 14 degree category
had the greatest areal loss. The gains in pasture were 27.3, 102.5 and 440.0% in the same
slope categories with the greatest area gain in the middle slope category. This shows that
extensive increases in pasture have occurred at higher slopes in the watershed. Buffer
analyses were also conducted to determine the proximity of land use change to the Buffalo
River and its major tributaries. Results of these analyses showed that pasture is increas
ing at a higher percentage rate in the buffer zones surrounding the Buffalo River, than in
the tributaries of the Buffalo River. The buffer analyses also showed that a large propor
tion of the increase in pasture occurred on the > 14 degree slope category. Land use
changes were dynamic with a greater area converted to pasture than area of pasture con
verted to forest in the watershed. The cleared forest lands were mostly near older pastures
and along streams. The reforested lands tended to occur in the more isolated areas. These
analyses indicate that the Buffalo River Watershed is undergoing changes in land use that
may have significant implications on water quality of the region.
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INTRODUCTION
Nutrients transported by surface water are a major concern in northwestern Arkansas.
Nitrogen and phosphorus have been implicated as causing water quality impairments to
reservoirs in northwestern Arkansas and eastern Oklahoma. Nitrogen and phosphorus
stimulate algae-production in water bodies and can cause objectionable water quality.
Problems associated with algae-growth are aesthetic impairment, objectionable taste and
odor of potable water, interference with recreation activities, and fish kills in some hyper
eutrophic cases. The sources of these nutrients are primarily from land application of con
fined animal wastes as soil amendments to pastures.
In 1990, the University of Arkansas Cooperative Extension Service (CES) and U. S.
Department of Agriculture Natural Resources Conservation Service (NRCS) initiated a
program in the Muddy Fork watershed of the Illinois River. This program focused on
implementing best management practices (BMP) that were primarily designed to reduce
excess nutrient applications to pastures that could cause increased losses. Education,
technical assistance, and cost sharing was the approach used by these agencies to encour
age BMP implementation. Nutrient management, pasture and hay-land management,
waste utilization, dead poultry composting, and waste storage structures were the pre
dominant BMPs implemented.
The Arkansas Soil and Water Conservation Commission (ASWCC) and the U. S.
Environmental Protection Agency (EPA) sponsored a monitoring project in the Lincoln
Lake basin in 1991. The Lincoln Lake basin, part of the Muddy Fork watershed, received
appreciable BMP implementation by the CES and NRCS. The objective of this monitor
ing project was to demonstrate the effectiveness of the implemented BMPs in reducing
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nutrient transport from the pastures in this intensively managed area.
The Lincoln Lake basin is a sub-basin of the Illinois River watershed that is located
in northwestern Arkansas and eastern Oklahoma. Moores Creek and Beatty Branch Creek
are the two streams that flow into Lincoln Lake (Figure 1). The drainage area of the
Lincoln Lake basin is approximately 3,240-ha with Moores Creek and Beatty Branch
draining 2,120 and 1,120-ha, respectively.
The 1990 land use in the overall Lincoln Lake basin is 56% pasture, 34% forest, and
10% other uses. Land use distribution in the monitored portion of the Moores Creek
watershed is 62% pasture, 26% forest, 7% urban, and 5% other uses. The monitored por
tion of the Beatty Branch basin has 57% pasture. 40% forest and 3% other uses.
In the fall of 1995 a timber harvest began in the Moores Creek watershed. Select
hardwoods were removed from approximately 200-ha. The timber harvest continued until
the spring of 1996. Following the tree removal the cleared areas were sub-divided into
residential tracts. Therefore, the land use distribution of forest in the Moores Creek water
shed declined in favor of residential development. In response to this change in land use,
a new monitoring site was installed above the harvested area.
From September 1991 until April 1994 Edwards et al. (1996 and 1997) monitored the
nutrients transported by Moores Creek and Beatty Branch. Their findings showed that
during storm flow conditions, significant decreases in mean concentrations and mass
transport of nitrate-nitrogen (NO3-N), ammonia-nitrogen (NH3-N), total Kjeldahl nitro
gen (TKN), and chemical oxygen demand (COD) were observed in this watershed and
attributed to BMP implementation. No decreases in total phosphorus (TP) or total sus
pended solids (TSS) were demonstrated. Likewise, during base flow conditions, signifi
cant decreases of NH3-N. TKN. and COD were observed. After the end of this initial
monitoring project, the stream monitoring continued on a limited basis in the Lincoln
Lake basin. This report will show the trends in nutrient concentrations and transport from
1 January 1995 until 30 September 1997.

OBJECTIVES
The objectives of the continued water quality monitoring of Moores Creek and
Beatty Branch are to: 1) determine if the reductions in mean concentration and mass trans
port of nitrogen have been sustained, 2) determine if transport of nitrogen continues to
decline, and 3) search for changes in phosphorus transport.
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Figure 1.

Land use and location of the monitoring sites in the Lincoln Lake basin.

MATERIALS AND METHODS
Water Quality Monitoring
Two water quality monitoring sites from the first study were maintained for the col
lection of base flow' and storm flow samples. These two sites are referred to as Beatty
Branch (BB) and Moores Creek (MC). The locations of these monitoring sites are dis
played in Figure 1. Automated samplers and data-loggers were used at all sites to mea
sure and record stream stage and collect flow-weighted composite or discrete water sam
ples during storm flow events. Flow-weighted composite storm samples were collected at
the BB and MC sites. Base flow water samples were collected as grab samples on twoweek intervals at all sites.
The MC monitoring site was located upstream from the lake at a point that repre
sented about 85% of the total drainage area or 1,800-ha. The BB site accounted for 71%
of that total drainage or approximately 800-ha.
Water samples collected at base flow or from a storm were analyzed for concentra
tions of NO3-N, NH3-N, TKN, TP, total organic carbon (TOC), and TSS. Storm and base
flow mass transport of nutrients, carbon, and sediment were calculated separately by inte
grating, with respect to time, the product of the
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event concentration and stream discharge. Monthly mass transport was calculated by sep
arately summing the storm and base flow masses during individual months. Total or com
bined monthly mass transport was then calculated by adding monthly storm and base flow
masses.
Stream stage was monitored continuously and converted to discharge using a rating
curve. Over stages ranging from base flow to bank-full storm flow rating curves were
developed by measuring instantaneous velocities. These measurements were made at the
water sampling locations in stable and unaltered stream channels.
Monthly mean concentrations were calculated for each of the sites and for each mea
sured parameter by dividing the monthly mass transport by the discharge for that month.
These calculations were done for combined flow (total), base flow and storm flow. Base
flow loads were differentiated from storm flow loads by defining storm flow as all dis
charges above the sampling trigger level.

Statistical Trend Analysis
In previous monitoring of these basins by Edwards et al. 1996 and 1997, statistical
trend analysis was performed over a three-year period form 1991 to 1994. Trend analy
sis requires that there is consistency throughout the monitoring period in the methods used
to produce the mean concentration and mass transport. The methods used by Edwards et
al. could not precisely be reproduced for calculation of mean concentrations and mass
transport. To prevent the possibility of creating a significant trend as a result of differing
calculation method trend analyses were conducted over the period from 1995 to 1997.
The objective of the statistical analysis was to determine if the response variables
exhibited a significant increasing or decreasing trend across time. We chose to carry out
an analysis consistent with that of Edwards et al. 1996 and 1997 for data collected during
prior years. Each of the response variables was transformed by the natural logarithm for
use as the dependent variable in the statistical analysis. The trend analysis was achieved
by a linear regression on time, where time was represented by the number of months of
the sample collection and January 1995 was designated as the first month. The regression
model included the sine and cosine functions of time in order to remove potential season
al effects that would be consistent across years. A significant (p<0.10) regression coeffi
cient, determined by a t test, indicated the presence of a trend with time, and the sign of
the coefficient indicates whether the trend is increasing (positive) or decreasing (negative).
Following is the regression model that was used.

ln(y)=B0 + Bl(time) + B2 sin(27t time/12) + B3 cos(27t time/12)
Where (y) is the monthly discharge, mass transport, or mean concentration.
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RESULTS AND DISCUSSION
Stream Discharge
Trend analyses of stream discharge at base flow, storm flow and combined flow con
ditions at the BB and MC sites are presented in Table 1. Only at the BB site was there a
significantly increasing trend in stream discharge. Base flow and combined flow dis
charge both significantly increased; however, there was no change in storm flow dis
charge overall. Therefore, the increase in base flow accounted for the increase in com
bined flow. The lack of significant discharge trend at the MC site could have been due to
the timber harvesting activities that occurred early in the project or that the larger Moores
Creek watershed is more resistant to change than the smaller Beatty Branch.
Table 1
Trend analysis of stream discharge at base flow, storm flow and combined flow conditions at the
Beatty Branch (BB) and Moores Creek (MC) sites.

Trend Slope** Trend Probability*
0.027
0.033***

Monitoring Site Flow Conditions
BB

MC

base
storm
combined
base
storm
combined

0.027

0.386

0.047

0.046

0.025
0.050
0.019

0.169
0.364
0.440

*Probability values less than 0.10 (bold values) indicate regression coefficients significantly

different from zero.
**Positive regression coefficients indicate increasing trends when the trend probability value is

less than 0.10.
***Slopes represent monthly change in M3/month

Mean Concentrations
Flow-weighted mean concentration of NO3-N, TP, NH3-N, TKN, TOC, and TSS
under combined flow, base flow, and storm flow conditions were calculated for the MC
and BB sites on a monthly basis. The MC and BB sites have monthly concentrations
from January 1995 until September 1997. Two rules are used to determine if there is a
significant trend in either mean concentration or mass transport within time for a para
meter. The first rule is that the model must be significant (p<0.10) and the second rule is
that the regression coefficient that represents the slope with time (trend slope) must be
significantly different from zero (p<0.10). All cases where these two rules were met are
summarized in Table 2.
Significant downward trends (Table 2) for mean concentrations of NH3-N. TKN.
and TOC were observed at the MC site. Ammonia-N and TOC concentrations decrease
over
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Table 2
Significant trends for mean concentrations of NO3-N. NH3-N, TP. TKN. TOC. and TSS during base
flow, storm flow, and combined flow conditions at the MC and BB sites.

Site

Parameter

Flow

Model Prob.*

Trend Slope**

Trend Prob.*

MC

NH3-N

storm

0.013

-0.033

0.072

TKN

base

0.024

-0.026

0.011

combined

0.010

-0.033

0.011

TOC

storm

0.075

-0.014

0.083

NH3-N

base

0.001

-0.052

0.013

storm

0.038

-0.084

0.009

combined

0.024

-0.061

0.012

NO3-N

storm

0.058

-0.042

0.059

TKN

base

0.009

-0.044

0.004

storm

>0.001

-0.078

<0.001

TOC

storm

0.006

-0.065

0.001

TP

storm

0.008

-0.088

0.001

TSS

storm

0.012

-0.168

0.001

BB

*Probability values less than 0.10 indicate that the slope is significantly different from zero.
**Negative slopes represent decreasing trends as mg/L/month.

the course of the monitoring period at this site only during storm flow conditions. Total
Kjeldahl nitrogen only decreased during base and combined flow conditions. The previ
ous monitoring effort by Edwards et al. (1996 and 1997) showed decreasing NH3-N,
TKN. and COD during base flow and NO3-N. NH3-N. TKN. and COD during storm flow
at the MC site. It is reasonable that decreases in TOC and COD represent a similar
decrease in carbon. These results are consistent with the previous monitoring at the MC
site except that during 1995 through 1997 there were no decreases of NO3-N or TKN dur
ing storms and no decreases of NH3-N or TOC during base flow. Inconsistencies with the
previous monitoring are possibly due to the timber harvest above this site.
At the BB site significant decreases in mean concentrations of NO3-N. TP. NH3-N,
TKN. TOC and TSS were observed during storm flow. Ammonia-N and TKN decreased
during base and combined flow conditions. The reduction of TP and TSS concentrations
during storm flow is a new response that was not observed in the previous monitoring. A
possible explanation for this difference is that the BMPs were not able to reduce phos
phorus and solid concentrations within the three years of the first monitoring effort but as
the BMPs matured they were able to produce an effect.

Mass Transport
Mass transport of NO3-N, TP. NH3-N, TKN. TOC, and TSS under combined flow, base
flow, and storm flow conditions were calculated for the MC and BB sites on a monthly
basis. The MC and BB sites have monthly mass loads from January 1995 until September
1997. All cases where there were significant decreases in monthly mass transport are sum
marized in Table 3.
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Table 3
Significant trends for mass transport of NO3-N. NH3-N. TP. TKN, TOC. and TSS during base
flow, storm flow, and combined flow conditions at the MC and BB sites.

Site

Parameter

Flow

Model Prob.*

Trend Slope**

Trend Prob.*

BB

NH3-N

storm

0.063

-0.103

0.032

*Probability values less than 0.10 indicate that the slope is significantly different from zero.
**Negative slopes represent decreasing trends as kg/month.

There were no significant trends for mass transport at the MC site. This is in con
trast to the first three years of monitoring the showed downward trends of NO3-N. NH3N, TKN. and TOC. Since there were no significant changes in stream discharge (Table
1), the timber harvest may have been responsible.
Decreasing NH3-N occurred during storm flow at the BB site. Nitrate-N, TKN, TSS
and TOC did not decline as they did in the first three years of monitoring. However, it is
important to note that they did not significantly increase. Therefore, the BMPs that were
implemented within the Beatty Branch Creek basin have expressed their ability to reduce
mass transport of NO3-N, TKN. and carbon and have been able to sustain the reduced
loads. Significant reduction of TSS transport was not experienced in the earlier study.
This may indicate that there is a time delay longer than three years for BMPs to express
their full effect in reduction of TSS.

CONCLUSIONS
The objectives of the continued water quality monitoring of Moores Creek and
Beatty Branch were: I ) determine if the reductions in mean concentration and mass trans
port of nitrogen have been sustained following the initial three-years of monitoring, 2)
determine if transport of nitrogen continues to decline, and 3) search for changes in phos
phorus transport.
1) No increasing trends were observed for either mean concentration or mass trans
port of nitrogen; therefore, the decreases observed in the 1991 through 1994 monitoring
have been sustained. This shows that the implemented BMPs were able to retard nitrogen
transport early in their application and these early declines were effectively maintained
through the following years.
2) Mean concentrations of NO3-N, NH3-N. and TKN in Beatty Branch Creek and
NH3-N and TKN in Moores Creek continue to decline. Mass transport of NH3-N in
Beatty Branch Creek continued to decline. This indicates that the maximum ability of the
BMPs to abate nitrogen loading to surface water has not been reached. Knowing the max
imum ability of this group of BMPs to reduce nitrogen loading will be valuable for pre
dicting larger scale improvements to this regionfs water quality as a result of BMP imple
mentation throughout the Illinois River Watershed. Therefore, it is important to continue
monitoring this watershed for the purpose of identifying when the nitrogen loading stops
declining.
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3) Downward total phosphorus concentration trends were observed at the Beatty
Branch site during storm flow. This is the first time that significant phosphorus reductions
have been observed during storm flow conditions in this watershed. A longer period of
time may be required for phosphorus reductions to be realized following BMP imple
mentation. A conceptual model that may explain this delayed response is that the nutri
ent management may lead to improved pasture quality, more complete ground cover and
reduced erosion potential. Phosphorus from manure that is applied to areas less prone to
erosion would be less likely to move in the runoff water. Best management practices that
express their effect through pasture development probably require a period longer that
three-years to retard phosphorus transport.
In 1990 through 1996 the two the predominant BMPs used in this watershed, nutri
ent management and waste utilization, were based on meeting the nitrogen needs of for
age crops with manure applications. This approach to nutrient management commonly
leads to excess additions of phosphorus to pastures. Recent changes in nutrient manage
ment and waste utilization are to base the manure applications on phosphorus needs rather
than nitrogen, whereby, limiting excessive phosphorus applications. It is expected these
changes will create consistent declines in phosphorus transport and reiterate the need to
continue the monitoring in this basin.
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ABSTRACT
Lake Eucha is a water supply reservoir located in Delaware County of northeastern
Oklahoma. Tributaries to the lake include Spavinaw Creek. Beaty Creek. Brush Creek.
Dry Creek, and Rattlesnake Creek. The lake and its tributaries are currently supporting
their designated beneficial uses of Sensitive Water Supply (SWS). public and private
water supply, cool water aquatic community, agriculture, primary recreation and aesthet
ics. However, excessive nutrient loading and eutrophication threaten these uses which
would impact the cities of Tulsa and Jay, Oklahoma which depend on the lake to supply
approximately 370,000 people with drinking water and recreation.
Eutrophication has been caused by elevated nutrient loading from Beaty Creek and
Spavinaw Creek to Lake Eucha. It is estimated that Beaty Creek and Spavinaw Creek
supply approximately 85% of the phosphorus entering the lake. Because Lake Eucha is
phosphorus limited, increased phosphorus loads have resulted in eutrophication of the
lake. The phosphorus in Beaty Creek originates primarily from agricultural non-point
source pollution, while the phosphorus in Spavinaw Creek originates from a combination
of both point source pollution (Decatur Wastewater Treatment Plant) and agricultural non
point source pollution.
Other than the problems discussed above, the lake and its tributaries are generally in
good shape. In fact. Lake Eucha ranks as one of the finest largemouth bass fisheries in
Oklahoma and offers good channel catfish and crappie fishing. Fish flesh analysis
revealed that the fish are free of notable levels of toxicants. The levels of pH, total alka
linity, total hardness, total suspended solids (TSS), turbidity, total dissolved solids (TDS),
conductance, sulfate (SO4) and chloride (Cl) in both the lake and streams were compara
ble to the levels found in the area. Although excessive levels of bacteria were found in the
tributaries, lake water samples were generally free of excessive levels of health threaten
ing bacteria. The algal assemblage in Lake Eucha was typical of eutrophic lakes. Overall,
the benthic macroinvertebrate community was in fair condition.
Based on the data presented and discussed in the diagnostic study, the major goal of
restoration should be to prevent advancement of eutrophication of the lake. The most fea
sible alternative for accomplishing this is through source control of phosphorus loading to
Lake Eucha. Phosphorus loading can be reduced by application of best management prac
tices throughout the watershed and implementing NPDES limits on phosphorus dis
charges from the wastewater treatment plants.
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